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Nitrogen-containing heterocycles constitute the largest and
most varied family of organic compounds. Among them, oxazoles
and their derivatives are regarded as privileged structural motifs
in numerous natural and synthetic bioactive products.1 Therefore,
a variety of highly efﬁcient and general methodologies, including
the oxidative coupling of amines and ketone derivatives, the
intramolecular cyclization of preformed precursors, and one-step
bimolecular annulations, have been developed for the construction
of oxazoles.2
In particular, cyclization reactions of propargylic amides, aim-
ing at attaining high levels of structural complexity and good func-
tional group compatibility in a convergent and atom-economical
mode under mild reaction conditions, have gained considerable
attention and signiﬁcant progress has been made in this area.
These transformations have been successfully achieved with tran-
sition metals, such as Pd, Au, Ag, Cu, Zn, Fe, W, Mo, and Ce, as well
as with Bronsted acids and strong bases. Furthermore, along with
the impressive achievements in electrophilic cyclization of
alkynes,3 the halogen-triggered cyclization of propargylic amides
has undoubtedly emerged as a powerful tool for the synthesis of
oxazole derivatives. The resulting halide heterocycles can easilyN
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Schemeundergo further transformations, which makes them extremely
versatile building blocks for organic synthesis.
It should be mentioned that a concise set of guidelines, known
as ‘the Baldwin rules’, has been proven to be a useful tool for eval-
uating the feasibility of ring-closure reactions.4 Baldwin described
the cyclization processes in terms of three factors: (1) the ring size
being formed (a numerical preﬁx); (2) the geometry of carbon
atom undergoing the ring-forming reaction (sp = diagonal, sp2 =
trigonal, and sp3 = tetrahedral); (3) the pattern of the breaking
bond (exo, the breaking bond is outside of the formed ring, and
endo, the breaking bond is inside of the new ring) (Scheme 1). Tran-
sition-metal-catalyzed and electrophilic cyclizations of propargylic
amides generally proceed through a 5-exo-dig fashion to construct
oxazole derivatives, whereas, in some cases, a 6-endo-dig cycliza-
tion occurs to give the six-membered oxaza heterocycles
(Scheme 2). Some factors including the structure of propargyla-
mides, interactions between ligands and catalysts, as well as the
nature of the electrophilic source might account for these two dif-
ferent cyclization modes. The main focus of the present review is
non-transition metal mediated and transition-metal-catalyzed
cyclizations of propargylic amides reported in recent years. We
hope this digest will serve as a handy reference for chemists inter-
ested in developing new cyclization reactions of propargylamides.
Preparation of propargylic amides
Terminal propargylamides can be easily prepared from the
commercial available propargylamines with acyl chlorides in the
presence of Et3N (Scheme 3, Eq. 1).5 TMS-protected propargylam-
ines are found to be the perfect precursors for the synthesis of
internal substrates,23 which can also be synthesized from the
corresponding propargylalcohols by a nucleophilic substitution of
azide, reduction, and acylation process (Scheme 3, Eqs. 2 and 3).5
Arndtsen and co-workers described a Zn(II)- or Cu(I)-catalyzed
multicomponent synthesis of secondary propargylamides from
aldehydes, alkynes, and acyl chlorides (Scheme 3, Eq. 4).13 Notably,
Williams et al.17 and Ciufolini and co-workers,16 developed anR2
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34 Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52appealing alternative toward propargylic amides involving cou-
pling of alkynylmetallic agents with a-chloroglycinates (Scheme 3,
Eq. 5). Moreover, N-sulfonyl propargylamides can be obtained by
an analogous method.
Non-transition metal-mediated cyclizations
Silica gel-promoted cycloisomerizations
In 2004, Wipf et al. disclosed a versatile silica gel-promoted
cycloisomerization of readily available propargylic amides into
polysubstituted oxazoles (Scheme 4).5 A variety of densely
functionalized oxazoles could be prepared in high yields under
mild conditions. It is believed that this process proceeds via aR2 N
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Acid-promoted cycloisomerizations
Müller and co-workers reported a consecutive one-pot three-
component approach toward oxazoles by acid-promoted cycloiso-
merization of in situ generated propargylic amides (Scheme 5).6 As
an extension of Wipf’s method, this reaction undergoes
amidation–coupling–cycloisomerization (ACCI) sequence to
provide various oxazoles. It is noted that the use of only one stoi-
chiometrically necessary equivalent of reactants (RCOCl) and addi-
tives (Et3N, p-TSA) renders the one-pot process practical,
economic, and rapid.1
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ization tandem process for the synthesis of oxazoles was investi-
gated by Zhan and co-workers (Scheme 6).7 Both aryl and alkyl
groups were well tolerated, providing the corresponding oxazolesin 75–93% yield. Thus, this approach provides us an efﬁcient
alternative for the synthesis of trisubstituted oxazoles. PTSA is sug-
gested as a bifunctional catalyst to promote two mechanistically
different processes under same conditions.
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In 1989, Hacksell and co-workers described a base-induced
cycloisomerization of propargylamides into oxazoles and also
performed some control experiments to elucidate this process
(Scheme 7).8 An in situ 1H spectroscopic experiment (Scheme 8)
reveals the presence of an allenic intermediate in thisR1 NH2
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Schemetransformation.9 Moreover, the rank order of its reactivity corre-
lates well with the acidity of propargylic hydrogen of the amides
and the ability of the putative ring closed intermediate to stabilize
an oxazole anion.
Alongside this, Nagao et al. presented a KOH-mediated cycloiso-
merization of propargylamides derived from diethyl malonates
into 4-carboxylated oxazoles (Scheme 9, Eq. 1).10 Initially, alkalineN
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Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52 39hydrolysis of an ethoxycarbonyl group with KOH produces the
malonic half-esters. Subsequently, decarboxylation by KOH leads
to the formation of allenylamide, followed by a 5-endo-mode
cyclization to form oxazoles. Shortly after, an analogous method
for the synthesis of oxazoles was developed by Clark’s group
(Scheme 9, Eq. 2).11
A base-promoted cycloelimination of propargylic amides
toward 5-vinyloxazoles was disclosed byWipf et al. (Scheme 10).12
It is suggested that the departure of the propargylic nucleofuge
(OBn group) results in the formation of a cumulene, which then
advances to a vinyloxazole by an electrocyclization/ tautomeriza-
tion sequence.
In 2005, Black and Arndtsen reported a one-pot four-
component reaction toward oxazoles (Scheme 11).13 The process
is considered to proceed through the attack of a copper- or
zinc-acetylide on an in situ generated N-acyl imines to afford prop-
argylic amides. A subsequent NaH-mediated cycloisomerization
occurs under the same conditions.
More recently, Wan et al. developed a new methodology for the
construction of oxazoles involving DBU-catalyzed cycloisomeriza-
tions of N-sulfonyl propargylic amides via sulfonyl migration
(Scheme 12).14 This transformation tolerated various substituents
on the aromatic ring, regardless of the electronic effects and
positions. The alkyl-derived substrates underwent the reaction
smoothly, furnishing the oxazoles in moderate to good yields. It
is noteworthy that aryl groups in R1 were found to be essential
for this conversion. Furthermore, subjecting N-Ts propargylamides
to 10 mol % DABCO in dichloromethane gave allenic amides as the
main products (Scheme 13). And just as expected, the resulting
allenic amide could also undergo a 5-endo-mode cyclization under
the standard conditions, indicating that allenylamide was theR
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Saito et al. demonstrated a PIDA-mediated oxidative cycloiso-
merization of propargylic amides into oxazoles (Scheme 14).15
Propargylamides bearing a terminal alkyne motif could be trans-
formed into oxazoles in high yields, while internal substrates only
gave poor results. The authors proposed two possible pathways for
this process. For internal propargylamides, the activation of the tri-
ple bond by PIDA facilitates the subsequent nucleophilic attack of
the oxygen atom, followed by isomerization and substitution ofphenyliodonium by AcOH to afford the oxazoles. Moreover, an
alkynyliodonium intermediate was also proposed for the cycliza-
tion of terminal substrates.
Iterative oxazole assembly by a-chloroglycinates and
alkynylmetallic agents
A highly efﬁcient iterative approach to polyoxazoles was
unveiled by Ciufolini’s group (Scheme 15).16 Propargylic amides
derived from glycinate were ﬁrst prepared by Williams et al.,
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Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52 41involving coupling of 1-stannylalkynes with a-chloroglycinates
(Scheme 15).17 However, it turned out that 4-carbalkoxyl oxazoles
were readily obtained just by extending the reaction time. Thus,
more efforts were devoted to ﬁnd non-toxic alkynylmetallic agents
to form oxazoles via the same process. Fortunately, when dimeth-
ylaluminum acetylides, instead of organotin reagents were used,
various oxazoles were also afforded in good yields. Additionally,
the carbalkoxyl group could be further transformed into another
chloroglycinate, which easily underwent the same cyclization to
form bisoxazoles. This iterative methodology has been applied
for the synthesis of some bioactive natural and unnatural
products.18
The same group developed an analogous one-pot access to
5-vinyloxazoles by the reaction of OPh-substituted dimethylalumi-
num alkyne with a-chloroglycinates (Scheme 16).19 However, the
reaction only gave poor results, which may be ascribe to the facile
degradation of the resulting aluminum acetylides. It shouldbe noted that 5-trimethylsilylmethyl oxazoles provided by the
aforementioned method could easily undergo a Peterson avenue
to generate more complex 5-alkenyl oxazoles.20
Halogen-triggered electrophilic cyclization
Electrophilic cyclization of alkynes containing heteroatom has
been demonstrated as an efﬁcient access to heterocycles.3 In
1981, Caristi and co-workers reported the ﬁrst electrophilic
cyclization of propargylic amides into 5-methylene oxazolines
(Scheme 17).21 Different electrophiles such as bromine, iodine,
and (MeS)2SMeSbCl6 could trigger this reaction. The E-conﬁgura-
tion of the products is suggested by the anti-attack of the carbonyl
group on the triple bond.
Following a similar design principle, Hashmi and co-workers
used a different halide source, Barluenga’s reagent (bis
(pyridyl)iodonium(I) tetraﬂuoroborate (Py2IBF4)), to induce this
N
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42 Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52cyclization (Scheme 18).22 This reaction proceeded smoothly to
furnish the corresponding 5-methylene oxazolines in moderate
yields, regardless of whether aromatic or aliphatic moieties were
employed. Besides, non-terminal substrate also gave good results
under the standard conditions.23
In a recent study, Wan and co-workers expanded the scope of
this cyclization by using N-sulfonyl propargylic amides as the sub-
strates. Surprisingly, when N-sulfonyl substrates were subjected to
the iodocyclization conditions, polyfunctionalized oxazolidines
with an exocyclic double bond and a quaternary carbon atom were
obtained in moderate to good yields (Scheme 19).24 Whereas,
iodoalkylidenedihydrooxazoles, instead of oxazolidines, were
found to be the main products when the solvent was changed to
N,N0-dimethylformamide (DMF). A 5-exo-dig process was proposed
for these two cyclizations (Scheme 20). In addition, the resulting
dihydrooxazoles could be efﬁciently converted into 5-carbonylox-
azoles just in the presence of dioxygen (1 atm) (Scheme 21).
5-Methylene oxazolines, which were prepared according to Caris-
ti’s method, underwent this oxidation smoothly to produce
oxazole-5-carbaldehydes in good yields. Moreover, a two-step,
one-pot, gram scale reaction was accomplished successfully.Conversely, Domingo and co-workers developed a facile halo-
gen-mediated regioselective cyclization of N-Cbz-protected prop-
argylamines into various 1,3-oxazin-2-ones through a 6-endo-dig
fashion (Scheme 22).25 In most cases, the nature of the substituents
had no inﬂuence on the results of this reaction. DFT calculations
indicate that the electrophilic attack of bromine on the triple bond
is completely regioselective and 6-endo-dig cyclization is favored.
Besides, the methyl elimination is the rate-determining step
(RDS) of the reaction.
Transition metal-mediated cyclizations
Hg (II)-promoted cycloisomerizations
The ﬁrst transition-metal-catalyzed cyclization of propargyla-
mides was described by Eloy and Deryckere in 1973, who
employed Hg(OAc)2 as the catalyst to deliver oxazoles
(Scheme 23).26 This approach has been adopted to synthesize
oxazole-containing bioactive and druglike molecules, such as ago-
nist for 5-HT receptors (Scheme 23, Eq. 1).27 Recently, Qian and
co-workers disclosed an analogous method for the construction
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and ammonium cerium(IV) nitrate as reoxidant agent (Scheme 23,
Eq. 2).28N
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O 2.5 mol% Pd2(dba)3
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In 1995, Costa and co-workers reported a Pd/C- or PdI2-KI-cat-
alyzed oxidative cyclization–alkoxycarbonylation of propargylic
amides into 5-methyleneoxazolines in good yields (Scheme 24).29
It is noteworthy that the presence of dimethyl groups adjacent to
the triple bond is a requisite for this process (known as ‘the
gem-dimethyl effect’). Furthermore, the outcome of the cyclization
of such substrate, bearing a suitably placed chelating pyridine
group, could be increased to 83%. The E-conﬁguration of the
products suggests that an anti 5-exo-dig attack of the oxygen on
the Pd(II)-activating triple bond results in the formation of an
(E)-vinylpalladium intermediate, followed by methoxycarbonyla-
tion to afford the desired product and Pd(0). Reoxidation of the
Pd(0) species regenerates the catalyst.
Later, a novel approach for the synthesis of oxazoles via a
sequential Pd-catalyzed coupling/cycloisomerization reaction of
propargylamides with aryl iodides was demonstrated by Cacchi
and co-workers (Scheme 25).30 Various substituents on the aro-
matic rings were all compatible with this cyclization, producing
the oxazoles in moderate to good yields.
Broggini and co-workers presented an analogous Pd-catalyzed
5-exo-dig oxidative cyclization of propargylic amides into
5-oxazolecarbaldehydes (Scheme 26).31 Aryl, heteroaryl, and alkyl
propargylamides underwent this reaction efﬁciently, albeit with
low yields in some cases. An anti 5-exo-dig cyclization producesNN
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Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52 45(E)-vinylpalldium complex, followed by the intervention of water,
through enol form, to afford dihydrooxazole-5-carbaldehyde. A
subsequent oxidation reaction results in the formation of oxazoles.
In 2010, Saito, Hanzawa and co-workers developed a new
methodology toward oxazoles through a Pd-catalyzed cycloiso-
merization–allylation tandem reaction of propargylamides with
allyl carbonates (Scheme 27).32 Both terminal and non-terminal
substrates gave good results. A p-allyl palladium complex, which
is ﬁrst generated from Pd(0) and allyl ethyl carbonate, activates
the triple bond to facilitate oxypalladation. A subsequent reductive
elimination leads to the product.
Kato and co-workers reported a versatile [(box)Pd(II)] complex
catalyzed reaction of propargylic amides into oxazoles or
oxazolines via a cyclization–carbonylation–cyclization sequence
(Scheme 28).33 Just like the previous works, non-substituted prop-
argylamides gave various oxazoles, whereas, oxazolines would be
readily obtained when dialkyl substituted substrates were
employed. Remarkably, this general strategy can be applicable to
prepare symmetrical bisoxazoles and bisoxazolines.N
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Au(III)-catalyzed cyclizations
Recently, gold(I) and gold(III) complexes, due to their excellent
ability to activate CAC multiple bonds, have been widely employed
to catalyze the cyclizations of propargylamides. In 2004, Hashmi
et al.34 and Nishibayashi and co-workers35 independently
disclosed a Au(III)-catalyzed 5-exo-dig cycloisomerization of prop-
argylamides into oxazoles (Scheme 29). A variety of oxazoles con-
taining aromatic or aliphatic groups were readily obtained in good
to excellent yields by using this strategy. A 5-methyleneoxazoline
was proposed as the intermediate of this reaction, which under-
went an isomerization to produce oxazole. Later, the same reaction
was also observed by Padwa and co-workers36 affording indole-
derived oxazoles in good yields (Scheme 29).
Interestingly, Urriolabeitia and co-workers synthesized a series
of air- and moisture-stable Au(III) iminophosphorane complexes
and successfully employed them to catalyze the cyclizations ofF6
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46 Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52propargylamides (Scheme 30).37 Strand and co-workers reported
an exceptionally mild Au(III)-catalyzed cycloisomerization of
propargylamide, which was generated in situ by an one-pot
three-component reaction of phenylacetylene, acyl chlorides, and
N-benzylimines (Scheme 31).38 The departure of the benzyl group
on the propargylic nitrogen enables this process. It should be noted
that when N-Bn propargylamines were directly employed,
this reaction could occur without gold catalyst. Variouspolyfunctionalized oxazoles possessing aliphatic or aromatic
groups can be formed by these two general and practical methods.
Encouraged by Hashmi’s work (Scheme 29), De Brabander and
co-workers envisaged that whether the 5-methyleneoxazoline
intermediate could be intercepted by an electrophile before the
isomerization occurred (Scheme 32).39 Gratifyingly, it turned out
that bromine could successfully trap the intermediate, producing
the corresponding bromomethyl oxazoles in good yields.
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Remarkably, Hashmi et al. found that methlyenedihydrooxaz-
oles turned out to be the main products when subjecting
propargylamides to Au(I) catalysts (Scheme 33).22,40 TerminalR1 N
Ts
R2
O
O
O
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OR
2
O
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Schemesubstrates possessing aliphatic or aromatic moieties underwent
this 5-exo-dig cyclization smoothly, delivering dihydrooxazoles in
good yields. IPrAuOTs was found to be the best catalyst for the
cyclization of non-terminal propargylamides (Scheme 33).23
However, when internal substrates with alkyl substituents on the
alkyne unit were employed, 6-endo-dig cyclization products 1,3-
oxazines could be obtained. It also should be noted that the same
group41 and Ahn and co-workers,42 independently isolated and
characterized the vinylgold intermediates successfully, which gave
us a mechanistically understanding of this process.
In 2012, the same group demonstrated an efﬁcient in situ oxida-
tion of methyleneoxazolines into hydroperoxymethyloxazoles
under the above-mentioned cyclization conditions. (Scheme 34).43
The versatile protocol reveals good compatibility of gold catalysis
and radical reactions.
Interestingly, during further investigation of these reactions,
Hashmi et al. observed that when N-alkyl substrates were submit-
ted to the previous cyclization conditions, acyloxy-substituted
allylammonium salts were unexpectedly obtained (Scheme 34).44
It is suggested that alkylideneoxazolinium salt intermediate is ini-
tially formed, followed by the nucleophilic attack of water andN
O
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48 Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52ring-opening to give the ﬁnal product. The oxazolinium intermedi-
ate was indeed isolated when HBF4 was employed.
In 2006, Buzas and Gagosz45 and Adrio and co-workers46 inde-
pendently disclosed a mild and practical access to alkylidene-2-
oxazolidinones through Au(I)-catalyzed 5-exo-dig cyclization of
N-Boc protected propargylamines (Scheme 35). A number of oxa-
zolidinones containing aromatic or aliphatic motifs were readily
afforded in excellent yields. This reaction involves the nucleophilic
attack of the carbamate carbonyl group on the Au(I)-activating
triple bond to produce a vinylgold intermediate. Subsequent
fragmentation of CAO bond, by releasing isobutene and a proton,
can give the neutral vinylgold species, which then undergoesO
NH
Ar
R
O
10 mol% Cu
benzene/Et
90 oC
O
N
R
O
F
F
R = Me, 91% yield
R = Et, 97% yield
R = CF3, 45% yield
O
N
R
O
R = M
R = Et
R = H,
O
Schemeprotodeauration to provide the product. Shortly after, the same
reaction was also observed by Shin’s group.47
Ag-catalyzed cyclizations
In 2008, Harmata and Huang described a silver-catalyzed
cyclization of propargylamides into methyleneoxazolines (Scheme
36).48 An array of alkyl- and aryl-substituted terminal substrates
could be efﬁciently converted into oxazolines. Besides, N-Boc
protected propargylamines could also undergo this reaction when
submitted to the standard conditions.
Very recently, Wan and co-workers unveiled a novel approach
toward 4-sulfonylmethyloxazoles via a silver-catalyzed [3,3]-
rearrangement/sulfonyl migration tandem reaction of N-sulfonyl
propargylamides (Scheme 37).49 In most cases, both electron-with-
drawing and electron-donating substituents in aromatic R1 or R2
groups were well tolerated, furnishing the sulfonylmethyloxazoles
in moderate to good yields. However, alkyl-derived substrates did
not undergo the cyclizations. Moreover, the substrates could be
easily transformed into the corresponding N-sulfonyl allenic
amides just in the presence of Et3N. When the resulting allenyla-
mides were subjected to 10 mol % AgBF4 in toluene at 80 C,
5-vinyloxazoles were unexpectedly obtained in good yields
(Scheme 37). Thus, this protocol can be readily applied for the
synthesis of 5-vinyloxazoles. Mechanistically, in contrast to the
previous transition-metal-catalyzed 5-exo-dig cyclization mode,
this reaction is believed to proceed via a 6-endo-dig cyclization to
generate six-membered vinylsilver species, which then collapses
into an allene intermediate. Subsequent nucleophilic attack of
nitrogen atom on the sp-allenyl carbon leads to the formation of
a zwitterionic intermediate, followed by sulfonyl migration to
furnish oxazoles (Scheme 38).
Cu-catalyzed cyclizations
Jin et al. realized the synthesis of methyleneoxazolines via a
Cu-catalyzed 5-exo-dig cyclization of propargylic amides
(Scheme 39).50 By employing this protocol, a variety of steroidal
propargylamides were cyclized to provide the corresponding
spiro-oxazolines in moderate to good yields. Moreover, some of
the resulting steroids are shown to possess high potency and goodI
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Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52 49selectivity in the separation of antiprogestational and antigluco-
corticoid activity.
Alhalib and Moran also described an analogous approach
toward dihydrooxazoles through Cu-catalyzed cyclization of
terminal propargylamides (Scheme 40).51 The gem-dialkyl groups
on the propargylic position turned out to be essential for this con-
version. This reaction proceeds through the formation of a copper
acetylide, followed by 5-exo-dig cyclization, proton transfer and
protonation to afford the oxazolines. However, the alternative
mechanism of CuI-activating the triple bond for the subsequent
cyclization cannot completely be ruled out.
In 2011, Pérez and co-workers reported a novel Cu(I) complex
catalyzed reaction of simple alkynes with acyl azides into disubsti-
tuted oxazoles (Scheme 41).52 A Cu-catalyzed azide–alkyne
cycloaddition (CuAAC) reaction leads to the formation of
N-substituted-1,2,3-triazoles, which can be further transformed
into the copper ketenimide species. A subsequent protonation,
cyclization, and 1,2-hydrogen shift sequence affords oxazoles. An
array of 2,5-disubstituted oxazoles were prepared in moderate to
good yields and with complete control of the regioselectivity.ZnI2- and FeCl3-promoted cyclizations
Wang and co-workers reported the ﬁrst example of a ZnI2 and
FeCl3 mediated cyclization of propargylic amides for selective
synthesis of oxazolines and oxazoles through a 5-exo-dig fashion
(Scheme 42).53 These two processes have a wide substrate scope
and give excellent results. A nucleophilic attack of oxygen atom
on the ZnI2-activating triple bond leads to the formation of vinyl-
zinc intermediate, followed by protonation to provide oxazolines.
FeCl3 is suggested to act as a Lewis acid to promote cyclization.
W- and Mo-catalyzed cyclizations
Meng and Kim, used W and Mo catalysts for the cyclization of
propargylic amides into oxazolines and oxazines (Scheme 43).54
Unsubstituted substrates provided oxazolines exclusively in high
yields, whereas a-methyl substituted propargylamides gave a
mixture of oxazolines and oxazoles. However, the oxazine was
obtained as a major product when a dimethyl substituted terminal
substrate was subjected to the standard conditions using 20 mol %
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50 Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52W(CO)6 or Mo(CO)6. The ratio of the oxazolines and oxazines is
dependent on the nature of the catalysts and the structure of
propargylamides. Mechanistically, the triple bond is activated by
coordination with W or Mo catalyst to form a p–alkyne complex,
which is in equilibrium with vinylidene complex. A subsequent
5-exo- or 6-endo-mode cyclization results in the formation of
oxazolines or oxazines.CeCl3-promoted cyclizations
In 2012, Giovannini and co-workers developed an efﬁcient
approach toward oxazoles through 5-exo-dig cyclizations of
propargylamides by using CeCl3/NaI/I2 system under microwave
irradiation (Scheme 44).55 Terminal and non-terminal substrates
possessing a wide array of functional groups underwent this
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Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52 51reaction smoothly, giving the corresponding oxazoles in moderate
to excellent yields. Bisoxazoles can be easily accessed by this pro-
tocol. However, the precise mechanism of this cyclization still
remains unclear.
Yb(OTf)3-catalyzed cyclizations
Chan and co-workers described a Yb(OTf)3-catalyzed cycliza-
tion of trisubstituted propargylic alcohols with aryl amides into
functionalized oxazoles (Scheme 45).56 It is suggested that alle-
nylamide is ﬁrst formed in situ by a dehydration reaction of prop-
argylalcohol with amide in the presence of Yb(OTf)3, which then
undergoes a 5-endo-mode cyclization to produce oxazoles. The
reaction was accomplished in good yields and with complete reg-
ioselective control.
Conclusion
This digest has highlighted recent important advances that have
been made in the cyclization reactions of propargylic amides. The
transformations presented generally proceed via a 5-exo-dig path-
way, especially in the transition-metal-catalyzed and electrophilic
cyclizations of terminal propargylamides. The nature of the cata-
lysts and the structure of propargylamides have great inﬂuences
on the cyclization modes. On the other hand, these cyclization
reactions, due to their rapid assembly of structural complexity
and good functional group compatibility, have emerged as excep-
tionally powerful tools for the synthesis of N-containing heterocy-
cles. Despite the impressive progress that has been made in this
area, it is still highly desirable to explore more efﬁcient and prac-
tical, as well as sustainable, catalytic systems for the cyclization
of propargylamides. Thus, we hope this digest will promote contin-
ued interests in developing new cyclization reactions and encour-
age chemists to employ these valuable methodologies in
heterocyclic and medicinal chemistry.
Acknowledgement
We thank the ﬁnancial support from the National Natural
Science Foundation of China (21172218).
References and notes
1. (a) Wipf, P. Chem. Rev. 1995, 95, 2115; (b) Yeh, V. S. C. Tetrahedron 2004, 60,
11995; (c) Jin, Z. Nat. Prod. Rep. 2006, 23, 464; (d) Jin, Z. Nat. Prod. Rep. 2009, 26,
382; (e) Jin, Z. Nat. Prod. Rep. 2011, 28, 1143; (f) Heng, S.; Gryncel, K. R.;
Kantrowitz, E. R. Bioorg. Med. Chem. 2009, 17, 3916.
2. (a) Gulevich, A. V.; Dudnik, A. S.; Chernyak, N.; Gevorgyan, V. Chem. Rev. 2013,
113, 3084; (b) Hashmi, A. S. K. Chem. Rev. 2007, 107, 3180; (c) Beccalli, E. M.;
Broggini, G.; Martinelli, M.; Sottocornola, S. Chem. Rev. 2007, 107, 5318; (d)
Müller, T. E.; Hultzsch, K. C.; Yus, M.; Foubelo, F.; Tada, M. Chem. Rev. 2008, 108,
3795.
3. (a) Parvatkar, P. T.; Parameswaran, P. S.; Tilve, S. G. Chem. Eur. J. 2012, 18, 5460;
(b) Godoi, B.; Schumacher, R. F.; Zeni, G. Chem. Rev. 2011, 111, 2937; (c) Palisse,
A.; Kirsch, S. F. Org. Biomol. Chem. 2012, 10, 8041.4. (a) Baldwin, J. E. J. Chem. Soc., Chem. Commun. 1976, 734; (b) Baldwin, J. E.;
Kruse, L. I. J. Chem. Soc., Chem. Commun. 1977, 233; (c) Gilmore, K.; Alabugin, I.
V. Chem. Rev. 2011, 111, 6513.
5. Wipf, P.; Aoyama, Y.; Benedum, T. E. Org. Lett. 2004, 6, 3593.
6. (a) Merkul, E.; Grotkopp, O.; Müller, T. J. J. Synthesis 2009, 502; (b) Merkul, E.;
Müller, T. J. J. Chem. Commun. 2006, 4817.
7. Pan, Y.-M.; Zheng, F.-J.; Lin, H.-X.; Zhan, Z.-P. J. Org. Chem. 2009, 74, 3148.
8. (a) Nilsson, B. M.; Hacksell, U. J. Heterocycl. Chem. 1989, 26, 269; (b) Nilsson, B.
M.; Vargas, H. M.; Ringdahl, B.; Hacksell, U. J. Med. Chem. 1992, 35, 285.
9. Wei, L.-L.; Xiong, H.; Hsung, R. P. Acc. Chem. Res. 2003, 36, 773.
10. (a) Nagao, Y.; Kim, K.; Sano, S.; Kakegawa, H.; Lee, W. S.; Shimizu, H.; Shiro, M.;
Katunuma, N. Tetrahedron Lett. 1996, 37, 861; (b) Sano, S.; Shimizu, H.; Kim, K.;
Lee, W. S.; Shiro, M.; Nagao, Y. Chem. Pharm. Bull. 2006, 54, 196.
11. Clark, D.; Travis, D. A. Bioorg. Med. Chem. 2001, 9, 2857.
12. Wipf, P.; Rahman, L. T.; Rector, S. R. J. Org. Chem. 1998, 63, 7132.
13. Black, D. A.; Arndtsen, B. A. Tetrahedron 2005, 61, 11317.
14. Yu, X.; Xin, X.; Wan, B.; Li, X. J. Org. Chem. 2013, 78, 4895.
15. Saito, A.; Matsumoto, A.; Hanzawa, Y. Tetrahedron Lett. 2010, 51, 2247.
16. Coqueron, P.-Y.; Didier, C.; Ciufolini, M. A. Angew. Chem., Int. Ed. 2003, 42, 1411.
17. Williams, R. M.; Aldous, D. J.; Aldous, S. C. J. Org. Chem. 1990, 55, 4657.
18. (a) Zhang, J.; Ciufolini, M. A. Org. Lett. 2009, 11, 2389; (b) Zhang, J.; Polishchuk,
E. A.; Chen, J.; Ciufolini, M. A. J. Org. Chem. 2009, 74, 9140; (c) Zhang, J. M.;
Coqueron, P. Y.; Ciufolini, M. A. Heterocycles 2011, 82, 949.
19. Zhang, J.; Ciufolini, M. A. Tetrahedron Lett. 2010, 51, 4699.
20. Chau, J.; Zhang, J.; Ciufolini, M. A. Tetrahedron Lett. 2009, 50, 6163.
21. Capozzi, G.; Caristi, C.; Gattuso, M.; d’Alcontres, G. S. Tetrahedron Lett. 1981, 22,
3325.
22. Weyrauch, J. P.; Hashmi, A. S. K.; Schuster, A.; Hengst, T.; Schetter, S.; Littmann,
A.; Rudolph, M.; Hamzic, M.; Visus, J.; Rominger, F.; Frey, W.; Bats, J. W. Chem.
Eur. J. 2010, 16, 956.
23. Hashmi, A. S. K.; Schuster, A. M.; Schmuck, M.; Rominger, F. Eur. J. Org. Chem.
2011, 4595.
24. Hu, Y.; Yi, R.; Wang, C.; Xin, X.; Wu, F.; Wan, B. J. Org. Chem. 2014, 79, 3052.
25. Monleón, A.; Blay, G.; Domingo, L. R.; Muñoz, M. C.; Pedro, J. R. Chem. Eur. J.
2013, 19, 14852.
26. Eloy, F.; Derycker, A. Chim. Ther. 1973, 8, 437.
27. (a) Street, L. J.; Baker, R.; Castro, J. L.; Chambers, M. S.; Guiblin, A. R.; Hobbs, S.
C.; Matassa, V. G.; Reeve, A. J.; Beer, M. S. J. Med. Chem. 1993, 36, 1529; (b)
Saunders, J.; Cassidy, M.; Freedman, S. B.; Harley, E. A.; Iversen, L. L.; Kneen, C.;
MacLeod, A. M.; Merchant, K. J.; Snow, R. J.; Baker, R. J. Med. Chem. 1990, 33,
1128.
28. Guo, P.; Huang, J.-H.; Huang, Q.-C.; Qian, X.-H. Chin. J. Chem. 2013, 24, 957.
29. (a) Bonardi, A.; Costa, M.; Gabriele, B.; Salerno, G.; Chiusoli, G. P. Tetrahedron
Lett. 1995, 36, 7495; (b) Bacchi, A.; Costa, M.; Gabriele, B.; Pelizzi, G.; Salerno, G.
J. Org. Chem. 2002, 67, 4450.
30. Arcadi, A.; Cacchi, S.; Cascia, L.; Fabrizi, G.; Marinelli, F. Org. Lett. 2001, 3, 2501.
31. Beccalli, E. M.; Borsini, E.; Broggini, G.; Palmisano, G.; Sottocornola, S. J. Org.
Chem. 2008, 73, 4746.
32. Saito, A.; Iimura, K.; Hanzawa, Y. Tetrahedron Lett. 2010, 51, 1471.
33. Yasuhara, S.; Sasa, M.; Kusakabe, T.; Takayama, H.; Kimura, M.; Mochida, T.;
Kato, K. Angew. Chem., Int. Ed. 2011, 50, 3912.
34. Hashmi, A. S. K.; Weyrauch, J. P.; Frey, W.; Bats, J. W. Org. Lett. 2004, 6, 4391.
35. Milton, M. D.; Inada, Y.; Nishibayashi, Y.; Uemura, S. Chem. Commun. 2004,
2712.
36. (a) England, D. B.; Padwa, A. Org. Lett. 2008, 10, 3631; (b) Verniest, G.; England,
D.; De Kimpe, N.; Padwa, A. Tetrahedron 2010, 66, 1496.
37. Aguilar, D.; Contel, M.; Navarro, R.; Soler, T.; Urriolabeitia, E. P. J. Organomet.
Chem. 2009, 694, 486.
38. (a) Wachenfeldt, H. v.; Röse, P.; Paulsen, F.; Loganathan, N.; Strand, D. Chem.
Eur. J. 2013, 19, 7982; (b) Wachenfeldt, H. v.; Paulsen, F.; Sundin, A.; Strand, D.
Eur. J. Org. Chem. 2013, 4578.
39. Paradise, C. L.; Sarkar, P. R.; Razzak, M.; De Brabander, J. K. Org. Biomol. Chem.
2011, 9, 4017.
40. (a) Hashmi, A. S. K.; Loos, A.; Littmann, A.; Braun, I.; Knight, J.; Doherty, S.;
Rominger, F. Adv. Synth. Catal. 2009, 351, 576; (b) Doherty, S.; Knight, J. G.;
Hashmi, A. S. K.; Smyth, C. H.; Ward, N. A. B.; Robson, K. J.; Tweedley, S.;
Harrington, R. W.; Clegg, W. Organometallics 2010, 29, 4139; (c) Hashmi, A. S.
K.; Loos, A.; Doherty, S.; Knight, J. G.; Robson, K. J.; Rominger, F. Adv. Synth.
52 Y. Hu et al. / Tetrahedron Letters 56 (2015) 32–52Catal. 2011, 353, 749; (d) Hashmi, A. S. K.; Littmann, A. Chem. Asian J. 2012, 7,
1435.
41. (a) Hashmi, A. S. K.; Schuster, A. M.; Rominger, F. Angew. Chem., Int. Ed. 2009,
48, 8247; (b) Hashmi, A. S. K.; Schuster, A. M.; Gaillard, S.; Cavallo, L.; Poater, A.;
Nolan, S. P. Organometallics 2011, 30, 6328.
42. Egorova, O. A.; Seo, H.; Kim, Y.; Moon, D.; Rhee, Y. M.; Ahn, K. H. Angew. Chem.,
Int. Ed. 2011, 50, 11446.
43. Hashmi, A. S. K.; Jaimes, M. C. B.; Schuster, A. M.; Rominger, F. J. Org. Chem.
2012, 77, 6394.
44. (a) Hashmi, A. S. K. Pure. Appl. Chem. 2010, 82, 657; (b) Hashmi, A. S. K.;
Molinari, L.; Rominger, F.; Oeser, T. Eur. J. Org. Chem. 2011, 2256.
45. Buzas, A.; Gagosz, F. Synlett 2006, 2727.
46. Robles-Machín, R.; Adrio, J.; Carretero, J. C. J. Org. Chem. 2006, 71, 5023.
47. Lee, E.-S.; Yeom, H.-S.; Hwang, J.-H.; Shin, S. Eur. J. Org. Chem. 2007, 3503.48. Harmata, M.; Huang, C. Synlett 2008, 1399.
49. Hu, Y.; Yi, R.; Wu, F.; Wan, B. J. Org. Chem. 2013, 78, 7714.
50. (a) Jin, C.; Burgess, J. P.; Kepler, J. A.; Cook, C. E. Org. Lett. 2007, 9, 1887; (b) Jin,
C.; Manikumar, G.; Kepler, J. A.; Edgar Cook, C.; Allan, G. F.; Kiddoe, M.;
Bhattacharjee, S.; Linton, O.; Lundeen, S. G.; Sui, Z. Bioorg. Med. Chem. Lett.
2007, 17, 5754.
51. Alhalib, A.; Moran, W. J. Org. Biomol. Chem. 2014, 12, 795.
52. Cano, I.; Álvarez, E.; Nicasio, M. C.; Pérez, P. J. J. Am. Chem. Soc. 2010, 133, 191.
53. Senadi, G. C.; Hu, W.-P.; Hsiao, J.-S.; Vandavasi, J. K.; Chen, C.-Y.; Wang, J.-J. Org.
Lett. 2012, 14, 4478.
54. Meng, X.; Kim, S. Org. Biomol. Chem. 2011, 9, 4429.
55. Bartoli, G.; Cimarelli, C.; Cipolletti, R.; Diomedi, S.; Giovannini, R.; Mari, M.;
Marsili, L.; Marcantoni, E. Eur. J. Org. Chem. 2012, 630.
56. Zhang, X.; Teo, W. T.; Chan, P. W. H. J. Organomet. Chem. 2011, 696, 331.
